of the method is demonstrated by the simulation of a flow past a sphere at the Reynolds number 1000. The complete 3D vortex shedding motion is well simulated.
Introduction
A variety of methods of computational fluid dynamics have been developed mostly in the last decade. Recent tendency is to shift the purpose of computation to the more applicational direction. Most of the methods employ the curvilinear coordinate system fitted to the body surface because the resolution of the boundary layer on the body surface is supposed to be of substantial imporatance. However, the generation of a 3D curvilinear coordinate system is difficult and time consuming, since the appropriateness of the coordinate system is certified only when the computation is succeeded by avoiding the excessive violation of the conservation laws due to the irregular grid system. Furthermore, it may be almost impossible to generate a smooth grid system for a body of complex geometry, such as those of an automobile with wheels or without a roof and a body beneath the breaking wave surface.
At the authors' laboratory a series of finite-difference method using a fixed rectangular coordinate system are developed since 1979. The TUMMAC-IV 1)2) method for ship waves, the TUMMAC-V 3)4)5) method for general 2D flows and the TUMMAC-VI6) method for a twolayer flow are the typical examples. The TUMMAC-IV method is now used as a design tool by five major shipbuilding companies in Japan. One of the major reasons of the practical usefulness of the TUMMAC-IV method is that the required effort for the grid genera-tion is negligibly small due to the use of the rectangular coordinate system. For the resolution of the separated flow far behind a body the equally-spaced grid system gives better resolution than the boundary-fitted coordinate system which provides coarser grid spacing in the farfield. As described in the subsequent sections, most of the efforts are focused on the treatments in the body boundary cells. In order to increase the computational efficiency the computational domain is divided into the region of the finer grid system that includes the body and that of the (1) ( 2 ) Here, a, denotes space-differencing in the x, direction and at time-differencing. The last term a, is written as
where Vs is the eddy viscosity coefficient of the SGS turbulence model, Mt is the controllable numerical dissipation introduced to stabilize the solution, and f z is the external force.
3 Computational procedure
The algorithm of the computation is same with the previous TUMMAC method. Updating of the velocity field is made after updating the pressure field by solving the Poisson equation and this cycle is repeated in the time-marching procedure. Since a zonal method is employed, the computation is proceeded from the outer region with a coarse grid system to the inner region with a fine grid system. For the variables at the inter-face between two regions and between the regions of F 
(7) where D is the divergence of a cell and y is the volumeporosity defined in the subsequent session. The velocity field is updated by the following equation.
3. Body boundary condition
1 Porosity
In order to represent the complicated configuration of a 3D body two kinds of porosity are introduced , that is, volume-porosity (7) and surface-porosity (3) . The volume-porosity is the ratio of the fluid portion of each boundary cell and the surface-porosity is the ratio of the fluid portion in each surface of the boundary cell and estimated as shown in Table 1 . Since the location of the body boundary is approximately represented by these scalar values, they are used not only for the flagging of cells and for the drawing of the body configuration but (6) 
4.
Zoning method
1 Zone division
The region with finer grid spacing is allotted so that it includes the body. The region with coarser grid spacing is continuously located. The coarser grid spacing is set at double of the finer one so that the grid lines of coarser system coincide with those of the finer system.
2 Interfacing
Two regions have an overlapping portion at the interface as shown in Fig. 7 . The velocity and pressure in dotted marks are normally computed, while those in solid marks are given by linearly interpolating the values of the overlapped region. Since the computation is performed separately in each region as shown in Fig.   3 , the use of interpolated values in the overlapped region means that the Dirichlet conditions are imposed at the interface.
5.
Separating flow past a sphere 5. Fig. 7 Velocity and pressure points at the interface. region of fine spacing and in the whole region in Fig. 10 .
It is noted that the flow field is connected with sufficient smoothness across the interface.
The mechanism of separated flow past a sphere has been left vague. From the visualized flow field, such as one shown in Fig. 15, Taneda10) 
